It was said that hemolysis could take place in the artificial heart pumping, so that some changes in the red blood cells would be expected as a cause of hemolysis. These changes were caused by the trauma to the erythrocytes. In order to elucidate the energy metabolism of the red blood cells, 4 calves, which survived for 408, 150, 64, and 41 hours after the total replacement by the artificial hearts, were subjected to the analysis of the erythrocyte's adenine nucleotides (adenosine-tri-phosphate; ATP, adenosine-di-phosphate; ADP, and adenosine-mono-phosphate; AMP).
by artificial heart pumping has 2 major parts. One is the trauma to blood cells; erythrocytes, leukocytes and platelets. The other is the trauma to the plasma proteins. Red blood cell trauma often becomes the cause of their lysis, hemolysis. Now attention was focussed on the hemolysis due to artificial heart pumping. Galletti,7) Kusserow,8) Bernstein,6) Blackshear,5) and other workers9)-11) intensively studied hemolysis and tried to find out its mechanism. Their conclusions are briefly summerized in Table I . However, basic studies concerning the metabolism of red blood cells during artificial heart pumping are almost lacking, except for a few studies by several researchers.12), 13) In artificial heart pumping, hemolysis, to a greater or lesser extent, could take place, so that there would be some changes among phosphate-esters; ATP, ADP, and AMP. It is worthwhile to analyze the energy metabolism, especially by measuring ATP during the artificial heart pumping. This paper describes the adenine nucleotides analysis during artificial heart pumping. Their principles were as follows: After acidification of the blood by perchloric acid, the acid-soluble fraction, which contained much adenine nucleotides, was analyzed by the enzymatic method, using the reduced form of nicotinamide-di-phosphates.
MATERIALS AND METHODS

Fabrication
The changes of optical density at 366mM were read at the Beckman Spectrophotometer (DB-G type). By calculation the level of the adenine nucleotides was obtained.14)
Blood gas analysis and determination of pH of the venous blood were performed. Routine hematological studies and blood chemistries were also done by routine methods.
A brief summary of the clinical courses of 4 calves are shown in Table II.   RESULTS   Results  of these  experiments  are  shown  in Tables  III,  IV 
DISCUSSIONS
Bernstein12) was the first to notice and study the red blood cell metabolism in the artificial circulation. His studies included the changes of metabolism of red blood cell membranes, aerobic or anaerobic glycolysis. According to his results, total lipids, phospholipids, cholesterol and non-esterified fatty acid, were influenced by artificial circulation. Glucose utilization, lactic acid production, CO2 production, and gluthathione metabolism were also activated. But there are no investigators who paid attention to the energy metabolism of erythrocytes in the artificial heart pumping.
Red blood cells are metabolically active cells, in which there are 2 pathways from glucose to lactic acid. One is Embden-Meyerhof's pathway and the other is Warburg-Dickens' shunt. There is no tricarboxylic acid cycle (Krebs' cycle). By utilization of glucose the erythrocytes can produce high energy phosphate-esters, such as ATP. ATP is the main energy source of the red blood cells. By using the energy from ATP red blood cells can survive and perform their functions.15)-17)
In 4 cases ATP levels went down in the experiments. The changes of low ATP levels were attributed to some damage to the glycolytic pathways and the membranes of erythrocytes. In red blood cells, the initial control of glycolytic pathway is at the step involved by phospho-fructokinase, with ATP limiting, ADP and inorganic phosphorus inhibiting at pH 7.3-7.5.15),18) There-fore, ATP: ADP ratio is very important. During the experiments in TBH22 the ratio showed the peak at 5th day, and then it went down. This showed the activation and inactivation of this enzyme. From this data and discussion it would be said that some mechanical trauma by the artificial heart pumping could cause inactivation of this control system.
ATP is now considered to have close relationship with the shape of red blood cells. Weed14) said that when the level of ATP in the red blood cells fell down to 70% of the initial value, we could find that the erythrocytes began to deform. Such ATP-depleted red blood cells showed crenation.19) Our experimental data were compatible with this fact. In all 4 experiments when the crenocytes increased, ATP decreased on the contrary. These crenocytes were easily damaged in the circulation. This led to the intravascular and extravascular hemolysis which was thought to be one of the factors causing disseminated intravascular coagulopathy.
